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I. INTRODUCTION 
The objective of this  project  i s  t o  t r ans fe r  NASA-developed science 
and technology t o  the nonaerospace medical f i e l d .  
the  function of man i n  an aerospace environment, has generated an extensive 
body of science and technology pertaining t o  medicine. In  addition, t he  aero- 
space program has led t o  a host  of technical  innovations which may be ap- 
p l icable  t o  the  solut ion of medical problems. The NASA Technology Ut i l i za t ion  
Division i s  sponsoring t h i s  project t o  a s s i s t  i n  making these aerospace devel- 
opments avai lable  t o  the  nonaerospace medical community. 
NASA, i n  i t s  concern w i t h  
The procedure being used t o  t r ans fe r  aerospace technology i n t o  
medical appl icat ions consis ts  of the  following bas ic  steps:  (1) medical prob- 
lems a re  obtained from the  cooperating medical schools, (2 )  aerospace technol- 
ogy i s  searched t o  ident i fy  poten t ia l  solutions t o  the medical problems, (3) 
t h e  po ten t i a l  solutions are evaluated, and ( 4 )  information on successful 
medical applications of aerospace technology i s  disseminated f o r  general  use 
by the medical profession. 
11. FOURTH QUARTEB PRCGRESS 
This sect ion i s  a report  of the  pro jec t  a c t i v i t i e s  during the  months 
of January, February and March 1967. 
A .  Medical Problem Act iv i t ies  
Electrocardiographic Electrodes, Medical Problem No. KU-1* 
The NASA spray-on electrodes were used on 567 school chi ldren by 
D r .  R. Lauer's s t a f f  a t  the University of Kansas Medical Center t o  obtain 
electrocardiograms under exercise conditions during t h i s  report  period. 
of these electrodes were applied by simply brushing t h e  conductive mixture 
onto the skin with a small paint  brush. 
wi th  these brushed-on electrodes.  
Some 
Sat i s fac tory  r e su l t s  were obtained 
The Hauser Iiesearch and Engineering Company, Boulder, Colorado, has 
i n i t i a t e d  t h e  production of  a commercial version of the spray-on electrodes,  
* The problem number code designates the  or iginst ing school (KU = Kansas 
University, SLU = St.  Louis University, e tc . ) .  
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shown i n  Fig. 1. The conductive mixture i s  contained i n  a pressurized can 
which i s  equipped with a p l a s t i c  nozzle t o  d i r ec t  the spray. One of these 
un i t s  was obtained and given t o  D r .  R. Lauer, t he  University of Kansas Medical 
Center, f o r  evaluation. 
A motion picture* shming how the  or ig ina l  NASA spray-on electrode 
technology i s  being applied a t  the University of Kansas Medical Center was 
prepared and sent t o  the  NASA Technology Ut i l iza t ion  Division, Washington, D.C.  
Information concerning the spray-on electrodes w a s  requested by and 
sent t o  Western Elec t r ic  Company, Lee's Summit, Missouri; New York University 
College of Dentistry, New York, New York; Human Resources Research Office, 
Fort  Benning, Georgia; Women's Medical College of Pennsylvania, a i l a d e l p h i a ,  
Pennsylvania; University of Oregon Medical School, Portland, Oregon; Spray-on 
Products , Inc., Bedford Heights , Ohio; Sterodyne, Inc . , Troy, Michigan; 
Brunswick Corporation, S t .  Louis, Missouri; Electrodyne Company, Westwood, 
Massachusetts; and Southern I l l i n o i s  University, Carbondale, I l l i n o i s .  
Respiration Measurement, Medical Problem No. KU-2 
A quadrupole mass spectrometer i s  being developed by D r .  Kubicek 
and h i s  co-workers a t  the  University of Minnesota under a NASA contract ,  sup- 
ported by t h e  Manned Spacecraft Center, f o r  the continuous monitoring of 
spacecraft  cabin atmosphere. This instrument i s  a poten t ia l  solut ion t o  
Medical Problem No. KU-2, the  rapid measurement of oxygen consumption and car-  
bon dioxide generation during respirat ion.  
evaluate t h i s  instrument a t  t he  University of Kansas Medical Center as soon as 
a u n i t  i s  avai lable .  Dr. Kubicek has indicated t h a t  it w i l l  probably be 
severa l  months before a uni t  i s  avai lable  because of purchased pa r t s  shortages 
and contractual  matters.  
Arrangements have been made t o  
A resp i ra t ion  analyzer was developed by the North American Aviation 
Corporation fo r  the NASA Fl ight  Research Center. This analyzer i s  described 
i n  North American Aviation report t i t l e d  "The Design, Fabrication and Feasi- 
b i l i t y  Testing of a Prototype Airborne Respiration Analyzer, " NASA Contract 
NASr-966, March 1966. It appears t h a t  t h i s  equipment, with some modification, 
may be applicable t o  Medical Problem No. KU-2, but would require  considerable 
operating a t ten t ion .  Information received from the  F l igh t  Research Center in -  
dicated that  only one prototype has been constructed and i s  s t i l l  being t e s t ed ,  
so  that  no u n i t  i s  presently available f o r  evaluation on Medical Problem No. 
Ku-2. 
* This f i l m  a l s o  covers t he  respirometer helmet (KU-5) and the  muscle ac- 
celerometer (SLU-7 ) . 
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Fig. 1 - Commercial Model of the  Spray-on Electrodes 
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The Perkin-Elmer Corporation deve'l-oped an oxygen sensor for the NASA 
Manned Spacecraft Center, which is described in their Ehgineering Report No. 
8268, entitled, "Final Report, Prototype Oxygen Sensor, 'I NASA Contract No. 
NAS9-3355, 20 January 1966. 
might be applicable to Medical Problem No. KU-2. I@. John Lem, NASA Manned 
Spacecraft Center, was contacted. Mr. Lem reported that although the basic 
sensor is available, a considerable amount of necessary accessory equipment 
is not available. 
it was decided not to attempt any further evaluation of this unit at this 
time. 
A study of this report indicated that the sensor 
Furthermore, the unit was found to be unstable. Therefore, 
Respirometer Helmet, Medical Problem No. KU-5 
The application of the respirometer helmet was continued at the 
University of Kansas Medical Center. Respiration data were collected on 136 
high school students with the helmet during this report period, with no re- 
ported difficulties. 
consumption under exercise. 
Figure 2 shws the helmet being used to determine oxygen 
A motion picture showing the application of NASA technology to the 
development of the respirometer helmet was prepared and sent to the NASA 
Technology Utilization Division, Washington, D. C. 
Information on the respirometer helmet was requested by and given to 
Both cf these organizations plan to 
Northwestern University Medical School, Chiczgo, Illinois, and the Western 
Electric Company, Lee's Summit, Missouri. 
construct and use this helmet in respiration research. 
Nasal Pack. Medical- Problem No. KU-15 
The experimental cellulose sponge nasal pack was evaluated by 
D r .  F. Kerchner, at the University of Kansas Medical Center. This nasal pack 
does not appear to be satisfactory because of inadequate mechanical strength, 
blood absorption and removal problems. 
Brain Lesion Device, Medical Problem No. KU-17 
The specifications f o r  the dielectric material to be used in the ex- 
perimental brain lesion probe were established. 
Industries, Metuchen, New Jersey, were contacted to obtain the required di- 
electric material. 
high "k" ceramic materials would be satisfactory for this application. 
development is awaiting the results of this determination. 
Representatives of Gutlon 




Support f o r  Eardrum Rupture, Medical Problem No. Ku-23 
I -  
A Medical Problem Abstract on Problem No. KU-23, concerning a support 
t o  a s s i s t  the healing of ruptured eardrums, was prepared, approved by NASA-TUD, 
and submitted f o r  d i s t r ibu t ion  t o  the  NASA centers.  
is  contained i n  Appendix I. 
A copy of t h i s  abs t r ac t  
Cardiac Output Measurement, Medical Problem No. KU-24 
An addi t iona l  medical problem was received from the  University of 
Kansas Medical Center during t h i s  report  period. This problem concerns the  
need f o r  a method t o  measure cardiac output without inser t ing  anything i n t o  
the  body. 
D r .  Kubicek, University of Minnesota, has developed a cardiac output 
measuring system, under p a r t i a l  NASA support, which appears t o  be applicable 
t o  Medical Problem No. KU-24. This system i s  described i n  the  December 1966 
issue of Aerospace Medicine i n  an a r t i c l e  t i t l e d  "Development and Evaluation 
of an Impedance Cardiac Output System," by Kubicek, e t  a l .  
rangements have been made t o  evaluate t h i s  system a t  the  University of Kansas 
Medical Center i n  connection w i t h  Medical Flroblem No. KU-24, as soon as a t e s t  
u n i t  i s  avai lable .  
Preliminary ar- 
Muscle Accelerometer, Medical Problem No. SLU-7 
The muscle accelerometer was used a t  Saint Louis University School 
of Medicine on f i v e  neurological pa t ien ts  t o  co l l ec t  muscle r e f l e x  data, with 
good r e s u l t s .  
Cla i re  Day, Professor of Nursing a t  Saint Louis University, i s  given i n  
Appendix 11. This paper was submitted t o  the  Aerospace Medical Association 
f o r  publication. This work w i l l  be summarized i n  a presentation by 
S i s t e r  Claire  and D r .  L. Tureen a t  the  38th Annual Meeting of the  Aerospace 
Medical Association, Washington, D. C. on Apri l  10, 1967. 
A paper describing t h i s  work, prepared by S i s t e r  M. Agnita 
A motion p ic ture  showing the  appl icat ion of NASA technology t o  the  
muscle accelerometer was prepared and sent t o  the  NASA Technology Ut i l iza t ion  
Division, Washington, D. C. 
S t e r i l e  Hospital Room Atmosphere, Medical Problem No. UM-1 
The l i t e r a t u r e  search on clean-room technology revealed a consider- 
Copies of these reports  have been ab le  number of reports  on t h i s  subject. 
obtained and forwarded t o  D r .  Kubicek, University of Minnesota Medical School. 
D r .  Kubicek has reported tha t  the engineering design and construction d e t a i l s  
t o  bui ld  a germ-free operating su i t e  and adjacent recovery room i s  amply 
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supplied in these reports. 
dollars of time and effort when the Department of Surgery at the University 
undertakes the construction of these sterile rooms. 
The information is expected to save thousands of 
Speech Spectrum Analysis, Medical Problem UM-4 
The literature search conducted on speech spectrum analyses revealed 
a considerable number of reports on this subject. 
have been obtained and sent to Dr. Kubicek, University of Minnesota Medical 
School. Dr. Kubicek has reported that although no applicable NASA equipment 
was found, the information obtained through these reports has been used to 
formulate plans to obtain a special commercial spectrum analyser for use in 
several studies at the University. These studies include speech spectrum 
analyses and subsequent synthesis, frequency analysis of electromyographic 
potentials recorded from both normal individuals and patients with neuro- 
muscular disorders, and research on cardiac and circulatory dynamics. 
Copies of these reports 
Measurement of Temporomandibular Joint Action, Medical Problem No. 
Nu- 1 
An unsuccessful attempt was made to obtain one of the triaxis ac- 
celerometers developed by the Electro-Optical Company for the NASA Ames Re- 
search Center. 
to Medical Problem No. NU-1. Unfortunately, none of these accelerometers are 
presently available for evaluation on this problem. 
These accelerometers are of interest as a potential solution 
As a secondary choice, the miniature piezo electric accelerometer, 
described in NASA Tech Brief 66-10534, copy in Appendix 111, may be applicable 
to Medical Problem No. NU-1. Arrangements were made for one of these ac- 
celerometers to be sent from Ames Research Center to Northwestern University 
Medical School for evaluation in connection with this medical problem. 
Telemetrv Svstem for Football Plavers. Medical Problem No. NU-2 
NASA has developed a helmet and telemetry system for obtaining EG's 
on pilots and astronauts, described in NASA Tech Briefs 66-10536 and 65-10203, 
copies given in Appendix 111. Information on these items was obtained and 
sent to M. L. Petrovick, Northwestern University Medical School, for evaluation 
in connection with Medical Problem No. NU-2. A preliminary evaluation of the 
miniature amplifier described in Tech Brief 65-10203 was made at Northwestern 
University. 
plicable to Medical Problem No. NU-2 and further evaluation is planned. 
The preliminary evaluation indicates that this item may be ap- 
7 
The helmet with bu i l t - i n  EEG electrodes described i n  Tech Brief 
66-10536 was evaluated a t  Northwestern University. 
electrodes would not t o l e r a t e  the heavy impacts which a re  encountered i n  a 
foo tba l l  helmet. 
It w a s  found t h a t  these 
An abs t rac t  of Medical Problem TJo. NU-2 was prepared and sent  t o  
NASA-TU Hezdquarters for  dis t r ibut ion.  A copy i s  i n  Appendix I. 
Liquid Delivery t o  the  Respiratory Tract, Medical Problem No. UW-1; 
Eyelid Closure Recording, Medical Problem No. UW-2; and Auditory Stimuli ,  
Medical Problem No. UW-3 
Literature  searches were made on Medical Problems Nos. UW-1, UW-2, 
Medical Problem 
and UW-3 a t  ARAC. The results of these l i t e r a t u r e  searches were sent  t o  
Harry Ludwig a t  t h e  University of Wisconsin Medical Center. 
Abstracts were prepared on each of these problems and sent t o  NASA-TU Head- 
quarters  f o r  d i s t r ibu t ion .  Copies a re  i n  Appendix I. 
Miniature Motors and Batteries, Medical Problem No. C I - 1 ;  Rotational 
Posit ion Devices, Medical Problem No. C I - 2 ;  Materials f o r  Implanted Elec- 
t ron ics ,  Medical Problem No. CI-3; Radio Frequency Telemetry Link, Medical 
Problem No. CI-4; and Micropower Circui t ry ,  Medical Problem No. C I - 5  
L i te ra ture  searches were conducted on Medical Problems Nos. CI -1 ,  
CI-2, C I - 3 ,  CI-4 and C I - 5  at ARAC. The r e s u l t s  of these l i t e r a t u r e  searches 
were sen t  t o  Dr. James Reswick a t  Case I n s t i t u t e  of Technology. Abstracts 
on Medical Problems Nos. C I - 1  and CI-2 were prepared and sent t o  NASA-TU 
Headquarters f o r  d i s t r ibu t ion .  Copies a r e  i n  Appendix I. 
B. Miscellaneous Ac t iv i t i e s  
I n  addi t ion t o  t h e  p r in t ,  an opt ica l  master of the  technology t rans-  
fer film on t h e  respirometer helmet, t h e  muscle accelerometer and the  spray-on 
electrodes w a s  prepared and sent t o  NASA-TU Headquarters. 
The status of Medical Problems Nos. KU-2, KU-4, KU-9 and UM-3 w a s  
requested by and furnished t o  the Biomedical Applications Team a t  Southwest 
Research I n s t i t u t e ,  San Antonio, Texas. 
Information on the  Gemini ECK electrodes,  Tech Brief 64-10025, and 
t h e  electrode paste ,  Tech Brief 66-10049, were requested by and furnished t o  
t h e  Electrodyne Company, Westwood, Massachusetts. 
a 
Information on the helmet with built-in EM; electrodes, Tech Brief 
66-10536, and the miniature amplifier, Tech Brief 65-10203, were furnished to 
Dr. W. KO, Case Institute of Technology. 
Information on biotelemetry, NASA Technology Utilization Report 
SP-5023 and Tech Brief 66-10057, was furnished to the Space Sciences Center, 
University of Missouri, Columbia, Missouri. 
Information on the electrocardiographic radio, "Biotelemetry in 
Medicine, " R. T. Allen, Bio/Medical Instrumentation, December 1964, was fur- 
nished to the Baxter Laboratories, Morton Grove, Illinois. 
General information on the project was requested by and furnished to 
Baxter Laboratories, Morton Grove, Illinois; Brunswick Corporation, Saint 
Louis, Missouri; Hebrew University Medical School, Jerusalem, Israel; Univer- 
sity of Missouri School of Medicine, Columbia, Missouri; National Institutes 
of Health, Bethesda, Maryland, and Frost, Inc., New York, New York. 
A summary of the project activities to date for the VRA groups at 
the University of Wisconsin and Case Institute of Technology was prepared and 
submitted to the NASA-TU Headquarters. 
A paper on the muscle accelerometer and spray electrode technology 
transfers was prepared and submitted to the International Conference on 
Medical and Biological Engineering, Stockholm, Sweden, 14 - 19 August 1967. 
111. ANNUAL SUMMARY 
A total of 49 medical problems was pursued by the MRI Biomedical 
Applications Team during the period 1 April 1966 to 1April 1967. Twenty of 
these problems were for  the University of Kansas Medical Center, eleven prob- 
lems for the Saint Louis University School of Medicine, eight problems for  the 
University of Minnesota Medical School, two problems for Northwestern Univer- 
sity Medical School, three problems for the University of Wisconsin Medical 
Center, and five problems for Case Institute of Technology. 
medical problems is given in Appendix IV. 
A list of these 
Literature searches were made on 39 medical problems listed in Ap- 
pendix IV. 
These searches revealed related aerospace technology on 29 of the medical 
problems. 
These were computerized literature searches made by ARAC and STIF. 
These potential solutions are now in various stages of evaluation. 
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Thirty-two Medical Problem Abstracts were prepared for distribution 
to the NASA center and other appropriate organizations. Thirty-five responses 
were received in connection with these abstracts and forwarded to the origina- 
ting medical schools. 
Four medical problems have been solved and three are expected to be 
solved shortly. These include a new technique for applying electrocardiogram 
electrodes (solution to Medical Problem No. KLT-1)  , a respirometer helmet for 
determining oxygen consumption (solution to Medical Problem No. KU-S), a 
special accelerometer for measuring muscle reflexes and tremors (solution to 
Medical Problem No. SLU-7) , a tri-axial accelerometer for measuring jaw bone 
motion (solution to Medical Problem No, NU-l), a mass spectrometer for rapid 
measurement of respiration gases (solution to Medical Problem No. KU-2), an 
external method for measuring blood flaw (solution to Medical Problem No. KU- 
14), and techniques for providing sterile air f o r  operation and post operation 
rooms (solution to Medical Problem No. UM-1). Further details of these soh- 
tions are given in Quarterly Progress Reports Nos. 1, 2, and 3. 
Fifteen publications, technical presentations and news articles 
were prepared to disseminate information on the activities of the MRI Bio- 
medical Applications Team. 
proximately 50 doctors, hospitals, government agencies, and industries. Re- 
sponses were sent to each inquirer. 
Inquiries on the project were received from ap- 
Iv. FUTURE ACTIVITIES 
The following activities are planned. 
1. A presentation of the muscle accelerometer will be made at the 
Aerospace Medical Association Conference, Washir@on, D. C., 10 April 1967. 
2. The commercial version of the spray-on electrodes will be 
evaluated at the University of Kansas Medical Center. 
3. The mass spectrometer developed at the University of Minnesota 
will be evaluated at the University of Kansas Medical Center in connection 
with Medical Problem No. KU-2. 
4. The application of the respirometer helmet will be continued at 
the University of Kansas Medical Center. 
5. The investigation of the brain lesion device will be continued 
in connection with Medical Problem No. KU-17. 
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6. The cardiac output system developed at the University of 
Minnesota will be evaluated at the University of Kansas Medical Center in 
connection with Medical Problem No. KU-24. 
7. The application of the muscle accelerometer to Medical Problem 
No. SLU-7 will be continued at the Saint Louis University School of Medicine. 
8 .  The NASA Ames Research Center tri-axial accelerometer will be 
evaluated at Northwestern University Medical School in connection with Medical 
Problems Nos. NU-1 and NU-2. 
9. 
schools and processed. 
Additional medical problems will be obtained from the cooperating 
11 
APPENDIX I 
MEDICAL PROBLEM ABSTRACTS 
MEDICAL PROBLEM 
This problem abstract i s  designed to call to the attention of NASA personnel 
(and others who have oqeed to participate) significant barriers that impde the prog- 
ress of biomedical research and health care. The purpose i s  to bring to bear on these 
problems the cxprtise that resider i n  NASA. If you feel you can make a contribution, 
pleare communicate your suggestions to the Techmlcgy Utilization Officer at your 
installotion. Also, alert him to any suggestions which can constitute inventions IO 
that patent applications may be m d c .  Thank you. 
January 1937 No. KU-23 
Support t o  Assist Healing of Eardrum Rupture 
What i s  Needed: A biological ly  i n e r t  f i l m  mater ia l  which may 
The material  should be insoluble or  spar- 
The material  should be able t o  withstand s tmi l -  
be used t o  provide a superstructure f o r  the growth of new t i s sue  t o  
bridge an eardrum rupture. 
ingly soluble i n  body f lu ids ,  but should be soluble i n  a f l u i d  which i s  
b io logica l ly  innocuous. 
i za t ion  by one of the standard techniques: steam or gas s t e r i l i z a t i o n .  
Background: The eardrum may be perforated by e i the r  trauma or 
infection. 
n o t  hea l  spontaneously and hearing w i l l  be permanently impaired. 
If the perforat ion diameter i s  grea te r  than 3 mm. it W i l l  
A bridging surface, a piece of "film," placed over the perfor- 
a t ion  w i l l  provide support fo r  the t i s s u e  growth needed t o  bridge the  
Wera twe .  A t  the present  time mater ia ls  such as c iga re t t e  paper are 
used but these have the  disadvantage t h a t  they a re  d i f f i c u l t  t o  remove, 
usually an anesthetic i s  required and there  i s  risk t h a t  t h e  new membrane 
w i l l  be damaged. 
If  a mater ia l  were avai lable  which could be removed by simply 
dissolving it away from the new eardrum membrane, the  need f o r  anesthesia 
and the r i s k  of membrane damage would be grea t ly  reduced. 
Source of Problem: D r .  Kirchner, Department of Otorhinolaryn- 
BoloW, Kansas University Medical Center, Kansas City, Kansas. 
PREPARED FOR NASA 
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MEDICAL PROBLEM 
This problem abstract i s  designed to call to the attention of NASA persannel 
( o d  others who have agreed to participate) significant barriers that impede the prog- 
ress of b iomdico l  rcwarch a d  hwlth care. The purpose i s  to bring to bear on there 
problems the exprt ise that resides i n  NASA. If you feel you con make o contribution, 
please communicate your rug@ionr to the Technology Utilization Officer Ot your 
installation. A h ,  alert him to any wggsstiom which can constitute inventions so 
thot patent applications may be made. Thank you. NO. UW-1 December 1966 
Delivery of Water and Medication t o  the Respiratory Tract 
What i s  Needed: A head gear or  face mask admitting a s p e c i d  atmo- 
sphere containing medication t o  the nose and mouth. 
su i tab le  valving or  venting t o  preclude rebreathing, reducing condensation, 
comfort, convenience, low cost ,  effect ive m i s t  generation, and adaptabi l i ty  
to d i f f e ren t  he& sizes .  
Requirements include 
Background: Deposition of water and water soluble compounds i s  a 
Such 3- r e l a t i v e l y  common approach t o  t r ea t ing  infections of the airways. 
fect ions occur i n  both normal and retarded children and are  a Par t icu lar  
problem i n  children with cys t ic  f ib ros i s ,  
ing the  individual i n  a t e n t  containing air-borne droplets  generated i n  one 
Way or  another. 
b u l b  s t ruc ture ;  the only pa r t s  which need be exposed t o  the  Special atmo- 
sphere, however, a r e  the nose and mouth. 
The current method requires Plac- 
This system requires placing the e n t i r e  pa t ien t  i n  t h i s  
Authoritx: D r .  Arthur A. Siebens, M.D., Director, Rehabilitation 
Center, University of Wisconsin. 
PREPARED FOR NASA 
B Y  
MIDWEST RESEARCH INSTITUTE 
425 VOLKER BOULEVARD / KANSAS CITY, MISSOURI 64110 / AC 8 1 6  LO 1-0202 
MEDICAL PROBLEM 
This problem abstract i s  designed to call to the attention of NASA personnel 
(and others who have agreed to participate) significant barriers that impede the prog- 
ress of biomedical research a d  health care. The purpose i s  to bring to bear on there 
problems the expertise that resides i n  NASA. If you feel you con make a contribution, 
please communicate your suggestions to the Technology Utilization Officer at your 
installotion. AI-, alert him to any wggestiom which can constitute inventions IO 
that patent applications m a y  be male. Thmk you. 
December 1966 
1 NO. UW-2 
Wel id  Closure Recording 
What i s  Needed: A means for  detect ing the time course and ampli- 
tude of eyelid closing. 
Background: The eyeblink response has been used extensively t o  
study classical. conditioning, o r  learning, i n  adul t  subjects.  It offers  many 
advantages fo r  work w i t h  in fan ts ;  i n  par t icu lar :  the  advantage of being a 
spec i f ic  response which can be eas i ly  e l i c i t e d  by appropriate s t i m u l i  and can 
be studied developmentally with l i t t l e  basic  change i n  procedure. 
The usual procedure w i t h  adul t s  and older children i s  t o  make a me- 
chanical attachment from the  subjec t ' s  eyelid t o  a microtorque potentiometer, 
which forms the external  arms of a polygraph s t r a i n  gauge coupler. 
t h i s  instrumentation gives a sa t i s f ac to r i ly  l i nea r  recording of eyelid move- 
ments, t he  s i ze  of t he  equipment, the  necessity of using a headset, and t k e  
d i f f i c u l t y  of maintaining the  proper potentiometer arm-eyelid re la t ionship  
through 8 mechanical connection make it very d i f f i c u l t ,  i f  not impossible, t o  
use with newborns and other infants.  The infant  w i l l  not remain i n  a fixed 
pos i t ion  and movements of the head may produce a r t i f a c t s  and change the  c a l i -  
b ra t ion  of the  mechanism for  recording response. Further, the subject w i l l  
not t o l e r a t e  or  w i l l  remove pick-up devices t h a t  a r e  not secured. 
s i z e  of the  subject requires  t h a t  anything attached t o  h i m  be l ightweight;  it 
must a l s o  be noninjurious t o  the  skin and able t o  withstand cleaning with al- 
cohol. These d i f f i c u l t i e s  do not prevent obtaining an a.ll-or-none measure Of 
response, but what i s  desired i s  the response form of the  closing without t he  
response form being affected by gross body movements of the  infant.  
While 
The s m a l l  
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What i s  needed is  a small sensing device, perhaps taped t o ,  or  with 
connections t o  theeyelid,which w i l l  provide s ignals  t h a t  can be converted 
i n t o  a recording of t he  response form of the  eyel id  closure.  
should detect  movements a s  small as 1 mm. (perhaps r e l a t i v e  t o  a second fixed 
device) and follow the closure (which covers 0.25 - 0.5 inches i n  about 0.05 
The device 
secoiids 1. 
Authority: Professor Leonard E. Ross, Department of Psychology, 
University of Wisconsin. 
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Miniaturized Eauiment f o r  Presenting Auditorv Stimuli 
What i s  Needed: Miniaturized equipment t h a t  w i l l  permit the  de- 
l ivery  of acoustic s t imuli  t o  t he  ears  of infants  and young children, w i t h  
t he  same f i d e l i t y  provided by high qua l i ty  earphones. 
Background: Earphones commercially avai lable  a r e  too  large,  and 
uncomfortabie, for use w i t h  r i~wbu i~ i i~y  iif~iits, e-v'efi i f i  SQEC C Z S ~ S  with 
young children, although many experimental problems require  the  presenta- 
t i o n  of precise  auditory s t imuli .  
The usual procedure has been t o  posi t ion a loud speaker i n  
proximity t o  the chi ld .  This involves two major disadvantages. F i r s t ,  
the sound propert ies  of t he  room become c r i t i c a l  ( i n  terms of standing 
waves, e t c . )  and even i n  sound attenuating chambers the  enclosure holding 
the  ch i ld  ( i .e .  a glass or  metal walled c r i b )  introduces changes i n  the  
s t i m u l i w i t h  changes i n  the  baby's heat  posit ion,  e t c .  
advantage of speaker use is t h a t  the ch i ld  must be moved out of t he  ward 
t o  a separate room t o  avoid the  other children hearing the  s t imuli .  Often 
equipment could be located i n  the ward, avoiding the t ransport  problems i n  
precarious medical cases, if t h e  sound s t imuli  could be administered t o  a 
s ing le  infant .  
A second d i s -  
Miniaturized equipment would a l s o  be advantageous i n  working with 
older  children, especially those retarded, since t h e  equipment could more 
e a s i l y  be b u i l t  i n t o  a "space helmet," which a ch i ld  w i l l  t o l e r a t e  as p a r t  
of a game. In  the  case of newborns and infants  r e s t r i c t e d  t o  c r ibs ,  t he  
equipment would need t o  be small and l i g h t  enough t o  be held w i t h  a small 
headband t h a t  would not be uncomfortable f o r  t he  chi ld .  
Authority: Professor Leonard E. Ross, Department of Psychology, 
University of Wisconsin. 
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Miniature Motors and Bat ter ies  
NO. C I - 1  
What i s  Needed: Miniature d i r e c t  current motors and ba t t e r i e s  for 
body implants. 
works 3n a maximum of 6 vol ts ,  provides a running torque of a t  l e a s t  0-75 
i n - - lb .  a t  a minimum of 800 rpm, a minimum break away torque of 1.25 in . - lb* 
The motor diameter should be 1 in. or less, in te rmi t ten t  duty of 1 t3  4 see- 
Fer c y c l e  vith 2 mifiim*.m, cf 1$c! cycles dijrifig 10-12 h r .  per day. 
A specif ic  application requires  a ba t t e ry  operated motor t h a t  
Background: Personnel a t  the Case I n s t i t u t e  of TechnologY a r e  i n -  
vest igat ing the p o s s i b i l i t y  of making an implantable a r t i f i c i a l  muscle. 
Consideration is being given t o  using a d.c. motor/lead screw combination 60 
Provide the required l i nea r  motion. 
high torques per volume a re  required f o r  t h i s  application. 
Miniature ba t t e r i e s  and d.c. motors with 
Source of Problem: Dr. James B. Reswick, Engineering Design Center, 
CaEe I n s t i t u t e  of Technology, Cleveland, 9hio. 
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Jo in t  Lock fo r  Orthosis 
What i s  Needed: An e l e c t r i c a l  positioning lock which would 
allow the j o i n t  on an or thosis  t o  be eas i ly  and accurately positioned a t  
any desired angle, without "hunting." The uni t  shmld  be no larger  than 
2 in .  diameter x 3/4 in .  long, have a torque capacity of a t  l e a s t  5 ft.- 
lb., and operate on a m i n i m u m  of 30 vol t s .  
Background: An orthosis i s  an exoskeletal s t ruc ture  which 
a e s i s t s  a paralyzed limb. These devices a re  sometimes cal led braces or 
sp l in t s  and usually constrain the movement of the ske le t a l  j o in t s .  
is desired t o  move the ske le t a l  jo in t ,  a ratchet-type lock has been in- 
corporated i n t o  some orthoses t o  hold the jo in t  immobile a t  d i scre te  
angles. 
functioning p a r t  of the body. 
are the l imited number of locking posi t ions (increments of about 10 de- 
grees) and the hunting required t o  locate the lock posit ion.  
electromagnetic clutches and brakes a re  too bulky and heavy. 
If it 
The lock i s  usually actuated by running a cable t o  a normally 
The main disadvantages of these j o i n t  locks 
Commercial 
Source of Problem: D r .  James B. Reswick, Engineering Design 
Center, Case I n s t i t u t e  of Technology, Cleveland, Ohio. 
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INDUCED POSTURAL REFLZX REACTIONS AS RELATED TO THE 
DIAGNOSIS OF CE3EBELLAR AND LABYRINTHINE LESIONS 
INDUCED POSTURAL REFLEX REACTIONS AS RELATED 
TO THE DIAGNOSIS OF CEREBELLAR AITD LABYRINTHINE LESIONS 
By S i s t e r  M. Agnita Claire Day, S.S.M., R.N.,  M.S., 
Department of Nursing and Fhysiology, 
Sa in t  Louis University 
The pos tura l  re f lexes  under study are  those which enable the body t o  
maintain balance and equilibrium, The r e f l ex  mechanisms governing t h e  or ienta-  
t i o n  of the  head i n  space, the  posi t ion of the  head i n  r e l a t i o n  t o  the  trunk, 
and t h e  appropriate adjustment of t h e  limbs and eyes t o  t h e  pos i t ion  of t he  
head are ca l led  i n t o  ac t ion  by a f fe ren t  impulses discharged from receptors 
located i n  the (1) ves t ibu lar  apparatus, (2) j o i n t  surfaces of t he  upper 
ce rv ica l  vertebrea and t h e  lumbar vertebrae,  (3) r e t i n a ,  (4) body wal l  and l i m b  
muscles , (5) cutaneous touch receptors,  and no doubt , others  cur ren t ly  unknown. 
The pa t te rns  of the ton ic  neck and labyrinth react ions have been 
worked out f a i r l y  completely on decerebrate animals ( c a t s  , dogs , rabbi t s ,  
e t c . )  . 
from some form of p a r t i a l  o r  complete decerebration as  the  r e s u l t  of disease 
o r  in jury ,  and i n  normal in fan t s  and foetuses.  These react ions,  however, are  
not so e a s i l y  iden t i f i ab le  i n  the normal adul t  i n  whom the  higher c o r t i c a l  
cen ters  a re  i n t a c t ,  because of t h e  overlay of voluntary movement. 
c a l l e d  "voluntary movement" i s  purely voluntary, however , but i s  la rge ly  
ca r r i ed  out by means of pos tura l  r e f l e x  react ions once t h e  movement has been 
vo lun ta r i ly  i n i t i a t e d ,  it i s  possible t o  de tec t  the influence of these reflexes 
by intensive observation. 
letes,  has iden t i f i ed  many of them. 
which occurred wi th  changes i n  t h e  pos i t ion  of the  head, he made no attempt 
t o  explain them a t  the  t i m e ,  but f e l t  they were due t o  unknown fac to r s ,  not 
y e t  recognized. 
minute var ia t ions  i n  the posi t ion of t h e  head not e a s i l y  noticeable without 
in tens ive  study and experimentation. 
Comparable react ions have a l s o  been reported i n  human adul t s  suffer ing 
Since no so- 
Fukuda, who studied the  dynamic posture of ath- 
Although he noticed c e r t a i n  discrepancies 
We now know t h a t  most of those he mentioned were due t o  
Hellebrandt has wr i t ten  one of t h e  most comprehensive reviews i n  
recent  l i t e r a t u r e  on methods of producing ton ic  neck and labyrinthine ref lexes  
i n  the  normal subject and has confirmed work done by many of t h e  ear ly  re- 
searchers i n  t h i s  f i e l d .  
s imi l a r  r e s u l t s  i n  most cases,  and have a l s o  studied react ions she does not 
include i n  her review. 
We have been able t o  reproduce her experiments w i t h  
During the  course of our experimentation it has been possible t o  
demonstrate many of t h e  s ta to tonic  and s t a tok ine t i c  re f lexes  using involuntary 
movements of t he  extended arms as t he  indicators  of changes i n  muscle tone 
produced by movements of the  head, eyes, l imbs, trunk, e t c .  The con t ro l  posi- 
t i o n  adopted f o r  many of our experiments (and t h e  one used i n  the  present 
study) i s  t h a t  used by Hoff and Schilder i n  1927, namely t h e  e rec t  standing 
pos i t ion  with f e e t  c lose together t o  form as narrow a base of support as 
possible ,  t h e  eyes closed t o  eliminate v i s u a l  reflexes, and the  arms ra i sed  
horizontal ly  forward t o  form a 90' angle w i t h  t h e  trunk; wrists and f ingers  
a re  loosely extended. 
T h i s  pos i t ion  eliminates t h e  lumbar and body r igh t ing  reflexes which occur when 
the trunk i s  permitted t o  relax t o  "follow the  head" as  it almost invariably 
does i f  there  i s  no resis tance t o  t he  r e f l e x  movements. These movements of 
t he  trunk, i n  turn ,  st imulate many other  complex react ions which are a l s o  
stereotyped i n  nature,  but are much more d i f f i c u l t  t o  i n t e r p r e t .  
The trunk i s  voluntar i ly  held i n  t h e  upright posi t ion.  
The react ions which occur with the  cont ro l  pos i t ion  described above 
have been produced i n  many experimental subjects  and the "normal" reac t ion  
might be described a s  follows: 
t o  diverge and swing outward i n  horizontal  abduction (slowly or  rap id ly  depend- 
ing upon the  degree of inh ib i t ion  of voluntary cont ro l  the  subject i s  able  t o  
maintain). 
cont ro l  of t h e  movements, the arms usual ly  go through an 80' t o  90° arc u n t i l  
extended l a t e r a l l y  a t  the  shoulders. 
horizontal  adductors causes them t o  contract  and t h e  arms once more converge 
t o  t h e  s t a r t i n g  posi t ion.  The movements a re  repeated a s  long as one can 
maintain t h i s  posi t ion,  with each cycle  becoming a l i t t l e  more rapid than t h e  
previous one u n t i l  a point i s  reached where t he  osc i l l a t ions  of t he  arms become 
s t ab i l i zed  a t  an almost steady r a t e .  As one becomes fat igued t h e  movements 
eventually become s t i l l  f a s t e r .  
as the  r e s u l t  of r e f l ex  contraction caused by s t re tch ing  of t h e  muscles in-  
volved. Neck and labyrinth r e f l ex  pa t te rns  can be demonstrated by changing 
the pos i t ion  of the head systematically -- a l l  other f ac to r s  remaining t h e  
same -- and noting t h e  e f f ec t  of these posi t ions on the  reflex movements of 
t h e  arms. 
a f t e r  a few seconds of' latency both arms begin 
I n  the t ra ined  subject who has learned t o  "shut off"  a l l  voluntary 
The resu l t ing  tension placed upon the  
These movements can probably be explained 
Before the MRI muscle accelerometers were avai lable  the  pos tura l  
reac t ions  were studied intensively by means of d i r e c t  observation and cine- 
matography. 
a s top  watch, such timing was not accurate .  Counting frames of movie f i l m  
was not much b e t t e r  because of the d i f f i c u l t y  of recognizing the  exact frames 
i n  which the  movements began and ended. 
While attempts were made,at the  time, t o  time t h e  movements w i t h  
Using t h e  MRI muscle accelerometers, mounted on t h e  middle f inger  
of each hand, with a Sanborn two o r  four  channel recorder, it has been possible  
t o  time each movement accurately on the  recorded graph and t o  p lo t  an 
ind iv idua l ' s  ''mean time curve" over a period of several  months, not only f o r  
t h e  con t ro l  react ion but f o r  those caused by changing the pos i t ion  of the  head. 
I n  order t o  determine the possible diagnostic value of induced 
pos tura l  r e f l ex  pa t te rns ,  especial ly  i n  d i f f e ren t i a t ing  between labyrinthine 
and cerebe l la r  pathology, a preliminary s e r i e s  of 25 pa t i en t s  with labyrinthine 
and cerebe l la r  syndromes have been studied: 5 by d i r e c t  observation only, 15 
by cinematography which makes multiple observations possible ,  and 5 by study 
of pa t te rns  of movement as  recorded by means of t he  MRI muscle acce le rme te r s  
and Sanborn recorder, a s  mentioned above. 
a r e  j u s t  beginning they show promise of providing much addi t iona l  data  and 
hopefully cha rac t e r i s t i c  pat terns  of response, although it i s  t o o  soon t o  be 
ce r t a in .  
While work w i t h  these accelerometers 
The primary diagnosis o f  t h e  pa t i en t s  involved var ied considerably. 
The f i rs t  20 pa t i en t s  f e l l  i n t o  two main groups, however; 10 (3M, 7F) who 
were thought t o  have labyrinthine involvement and 10 (3M, 7F) who showed 
cerebe l la r  symptoms. O f  t he  10 with labyrinthine involvement, 4 were super- 
imposed on other neurological pathology. 
symptoms, 3 had addi t iona l  b ra in  stem involvement and 3 were superimposed on 
cerebra l  complications. A l l  pat ien ts  were subjected t o  c e r t a i n  standard 
neurological t e s t s  as w e l l  as t o  pos tura l  r e f l e x  tests.  The r e s u l t s  are out- 
l i ned  i n  Table I. 
Of t h e  10 who showed cerebe l la r  
The 5 pa t i en t s  checked w i t h  t h e  MRI accelerometers f i t t e d  i n t o  
previously observed b ra in  stem and cerebe l la r  pa t te rns ,  but t h e  addi t iona l  
da ta  of a permanent graph gave more objective information. 
pa t i en t s  t h e  accelerometers used d id  not have the  same sens i t i v i ty .  These 
records,  therefore ,  are inconclusive, but do show a num3er of p o s s i b i l i t i e s .  
For the  l a s t  2 pa t i en t s  new accelerometers of equal s e n s i t i v i t y  were ca l ibra ted  
t o  give records of equal amplitude. 
demonstrate not only tremor r a t e s  and amplitudes, but make it possible t o  
compare the  t rac ings  of both arms f o r  s i m i l a r i t i e s  and differences.  
i n  head pos i t ion  changed the  amplitude of t he  tremors but not t h e  r a t e  i n  t h e  
p a t i e n t s  observed, and the influence of head posi t ions on the  sway pa t te rns  
can a l s o  be detected.  With fu r the r  study and prac t ice  i n  reading the  records 
they  should become more meaningful. 
For the  f i r s t  3 
These records a re  more accurate and 
Changes 
Conclusions: The  r e s u l t s  t o  date ,  as  herein tabulated,  do not give 
a p i c tu re  of c l ea r  cut differences between the  s igns and symptoms of labyrinth- 
i n e  and cerebe l la r  involvement on the  pos tura l  r e f l e x  t e s t s  alone. 
been noted, however, t h a t  these  t e s t s  do exaggerate symptoms su f f i c i en t ly  
t h a t  differences do stand out on the  standard neurological tes ts .  It i s  a l s o  
apparent t h a t  any pathology which may be present i sb rough tou t  by these  posi- 
t i o n s ;  therefore ,  they can be used a s  a screening device. 
of t he  head lessen  body sway and tremors; these might be very helpful  a s  a t o o l  
f o r  r ehab i l i t a t ion .  
t i o n a l  objective data which cannot now be detected by d i r e c t  observation alone. 
It has 
Certain posi t ions 
Further use of t he  MRI accelerometers may furn ish  addi- 
TABLE I 
TAWIIATED DATA ON 20 PATIENTS 
Tests 














RIGIiT OR LEFT 
VENTROFLEX- 
I O N  OF HEAD 
DORSIFEIX- 
I O N  OF HEAE 
10 Pat ients  With 
Symptms of Labyrinthine Involvement 
Tended t o  be very unsteady. A few showed 
tendency t o  f a l l .  Righting ref lexes  weak. 
5 showed u n i l a t e r a l  d e f i c i t s ,  3 b i l a t e r a l ;  
2 demonstrated no labyrinthine symptoms. 
- No gross  tremors except i n  4 pat ients  with 
addi t iona l  neurological conditions. 
5 showed nystagmus with the  eyes turned t o -  
ward the  s ide  opposite t o  t h a t  t o  which they 
l o s t  balance. 5 showed no nystagmus. 
I n  general  there  was l i t t l e  d i f f i c u l t y  with 
coordination t e s t s  unless there  were addi- 
t i o n a l  basic  neurological conditions. 
4 reported some problem with vis ion i n  ad- 
d i t i o n  t o  ver t igo,  such a s  diplopia; 1 need- 
ed h i s  glasses  changed; 5 had ver t igo only; 
1 had other  c ran ia l  nerve involvement. 
Swaying and f a l l i n g  tendencies were exag- 
gerated i n  a l l  but  one. I n  only one case 
was inward ro ta t ion  of the  hands present .  
Any tremors were exaggerated. 
S t a b i l i t y  was increased on ro ta t ion  of head 
t o  s ide  opposite the  o r i g i n a l  direct ion of 
sway or f a l l .  
ro ta t ion  of the  head t o  the other s ide .  I n  
t h e  3 b i l a t e r a l  cases swaying increased t o  
s ide  toward which head was turned. S l igh t  de- 
v ia t ions  from horizontal  reversed react ions.  
S t a b i l i t y  was decreased on 
S t a b i l i t y  increased i n  8 out of 10 p a t i e n t s .  
I n  2 it made l i t t l e  difference.  
Swaying and f a l l i n g  tendencies were increas- 
ed i n  7 .  I n  3 there  was l i t t l e  e f f e c t .  
10 Pa t ien ts  With 
Symptoms of Cerebellar Involvement 
Usually a taxic  but  shmed l i t t l e  tendency t o  
f a l l .  Righting re f lexes  seemed strong. 7 had 
wide-based a tax ic  g a i t ;  2 showed uncertain 
g a i t  but l e s s  a tax ia ;  1 not checked. 
Tremors predominated: 
arm and/or leg;  were not apparent i n  3. 
3 showed nystagmus with the  eyes turned toward 
the  s ide  t o  which they swayed; 1 both l a t e r a l  
and v e r t i c a l ;  1 v e r t i c a l  only; 2 no nystagmus. 
Shwed d i f f i c u l t y  with coordination t e s t s .  
Arrythmia, slowing of movements and dissocia-  
t i o n  of movement occurred. 
7 had gross  tremors of 
3 reported double v is ion  without nystagmus; 
2 had signs of other  c r a n i a l  nerve involvement; 
5 showed no such involvement. 
Swaying was exaggerated but few showed any 
tendency t o  f a l l .  All tended t o  be somewhat 
r i g i d  i n  stance. 7 showed inward ro ta t ion  of 
hand on s ide  of les ion .  Tremors exaggerated. 
The same react ions occurred a s  described f o r  
labyrinthine defec ts .  Tremor amplitudes seemed 
increased when head was ro ta ted  horizontal ly  
toward s ide  of tremor and decreased when head 
was turned t o  t h e  other s ide.  
i za t ion  of t h i s  react ion i s  d i f f i c u l t  without 
instrumentat ion. ) 
S t a b i l i t y  increased i n  8 out of 10 pa t ien ts .  
I n  2 it d id  not .  
(Accurate visual-  
Swaying tendencies were increased i n  6; 2 were 
more s tab le ;  1 f e l l  backward when eyes were 
open; 1 was not attempted. 
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Miniature Piezoelectric Triaxial Accelerometer Measures Cranial Accelerations 
Brass Plug Tightening and Alignment Slot 
Hou isin 
iectric Ceramic Be !am 
The problem: 
To design and build a triaxial accelerometer to 
measure human cranial accelerations when a sub- 
ject is exposed to a centrifuge or other simulators of 
g environments. The size and shape must be suitable 
for attachment to the teeth without discomfort. 
The solution: 
A tiny triaxial accelerometer whose sensing ele- 
ments are piezoelectric ceramic beams. The acceler- 
ometer physical shape is compatible to a human mouth 
and may be attached to the teeth by an appropriate 
bridge and located behind the upper teeth in the 
roof of the mouth. The sensitivity is about 20 milli- 
volts (rms) per g and the frequency response is 
essentially flat over the range tested (5 to 500 cps). 
How it's done: 
The accelerometer consists of three orthogonal 
cantilever beams of piezoelectric ceramic material 
mounted in an aluminum case having external di- 
mensions approximating those of a human molar. 
The beams are 0.2-inch in length and each has a gold 
weight bonded to the free end. The beams are 
located in a slot cut in a brass threaded plug and 
bonded in place with a nonconductive epoxy cement. 
All three elements are made identical as far as 
possible. A slot on the brass plug face provides an 
alignment reference. Insulated soft copper wires are 
soldered to the top and bottom electrodes of each 
beam and passed through the open slot of the plug 
along the beam side. The elements are then inserted 
(wntinued overleaf) 
. -  
This document was prepared under the sponsorship of the National 
Aeronautics and Space Administration. Neither the United States 
Government nor any person acting on behalf of the United States 
Government assumes any liability resulting from the use of the 
information contained in this document, or warrants that such use 
will be free from privately owned rights. 
into the housing and potted in place with epoxy 
cement. 
Notes: 
1. In testing, the linearity for all components proved 
to be excellent. Sensitivity was of the order of 
20 millivolts (rms)/g. The repeatability was ex- 
cellent and the response was essentially flat over 
the entire range tested (5 to 500 cps). The cross 
axis sensitivity did not exceed 5.5 percent. 
2. A related innovation is described in NASA Tech 
Brief B64-10004, “Ultrasensitive Transducer Ad- 
vances Micromeasurement Range,” May 1964. A 
method of tes:ing piezoelectric transducers is de- 
scribed in NASA Tech Brief B66-10533,“Method 
Permits Mechanical and Electrical Checkout 
of Piezoelectric Transducers While Installed in 
a System,” November 1966. 
3. This device could be considered for application 
in dental, medical, and automotive safety research. 
4. Inquiries concerning this innovation may be di- 
rected to: 
Technology Utilization Officer: 
Ames Research Center 
Moffett Field, California 94035 
Reference: B66-10534 
Patent status: 
No patent action is contemplated by NASA. 
Source: V. L. Rogallo and G. J. Deboo 
(ARC-7 1) 
Brief 66- 105 34 Category 01 
November 1966 Brief 66- 105 36 
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Helmet System Broadcasts Electroencephalograms of Wearer 
-1 Plastic Screw Cap 
Ag Contact 
AS-Ag CI Disk 
Compressed Ag Powder 
Fritted Glass Disk 
+-‘Cellulose Acetate S p o n g e  
The problem: 
To develop an improved system for obtaining 
electroencephalograms (EEG’s) of pilots and astro- 
nauts performing tasks under stress. In  the past, 
electrodes were cemented to the scalp and were 
uncomfortable, irritated the scalp, and took as long 
as an hour to attach. Furthermore, the wires to the 
readout equipment restricted the subject’s motions. 
The solution: 
An EEG monitoring system consisting of non- 
irritating sponge-type electrodes, amplifiers, and a 
battery-powered wireless transmitter, all mounted in 
the subject’s helmet. No preparation of the scalp is 
required. After a quick initial fitting, the helmet can 
be removed and replaced without further adjustment. 
There are no external wires. 
How it’s done: 
A flight helmet is modified to contain the EEG 
electrodes and the electronic components. The ele- 
ments of the system fit conveniently in the helmet 
and do not impair its usefulness as a protective device. 
The key element in this system is the EEG elec- 
trode, which consists of a flexible portion that rests 
against the scalp and a rigid portion that fits securely 
in the helmet and is connected to the amplifier. The 
flexible portion consists of a hollow-core cellulose 
acetate sponge impregnated with an electrode paste. 
The rigid portion consists of the following: a disk of 
fritted glass wetted with a saline solution; a disk of 
compressed silver powder; a disk of Ag-AgC1; and a 
solid silver contact which connects with the amplifier. 
Fitted to the subject, the sponge portion containing 
the electrode paste contacts the scalp with a light 
(mntinucd overknO - 
This document was prepared under the sponsorship of the National 
Aeronautics and Space Administration. Neither the United States 
Government nor any person acting on behalf of the United States 
Government assumes any liability resulting from the use of the 
information contained in this document, or warrants that such use 
will be free from privately owned rights. 
steady pressure. This member can accommodate a 
ccrtain amount of relative motion between the scalp 
and the helmet without altcriiig the electrical prop- 
erties of the connection or distorting the signal. 
The remaining elements of the system are a pair 
of miniature biomedical amplifiers, a pair of com- 
mercially available FM subcarrier oscillators, a minia- 
ture PM transmitter operating at 108 MHz, and 
standard miniature mercury cells that provide 90 
hours of continuous operation. 
Notes: 
1.  The helmet shell comes in three bcsic sizes, and 
by selection of liner size and length of replaceable 
sponge, the helmet can be adapted to any subject. 
Initial fitting requires only about five minutes. 
2 .  
3. 
4. 
Experiments with a variety of subjects (some with 
thick hair, with and without hairoil, and some 
bald) have been made in the laboratory, in flights 
of a T-33 airplane, and in centrifuge runs. The 
data obtained have been consistent with EEG 
records obtained with carefully applied metallic 
electrodes. 
A related innovation is described in NASA Tech 
Brief B65-10203, July 1965. 
Inquiries may also be directed to: 
Technology Utilization Officer 
Ames Research Center 
Moffett Field, California 94035 
Reference: B66-10536 
Patent status: 
Inquiries about obtaining rights for the commercial 
use of this invention may be made to NASA, Code 
GP, Washington, D.C. 20546. 
Source: Richard M. Westbrook .and 
Joseph J. Zuccaro 
(ARC-70) 
Brief 66-10536 Category 01 
July 1965 
. .  
Brief 65- 10203 
w N A S A  TECH B R I E F  
NASA Tech Briefs are issued by the Technology Utilization Division to summarize specific 
technical innovations derived from the space program. Copies are available to the public from 
the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia, 22 15 1. 
Tiny Biomedical Amplifier Combines High Performance, Low Power Drain 





I c ^ + 4  2 Volts 
The problem: To facilitate biomedical studies on 
mobile subjects, develop a miniaturized, high-per- 
formance, high-reliability, battery-operated, solid- 
state amplifier of low power consumption, that is suit- 
able for both general biomedical use and space 
research. Amplifiers meeting the requirements of phys- 
iological research are available commercially, but they 
are often'too bulky and require too much power for 
many applications. Small amplifiers have been devel- 
oped but often with compromise of some aspect of 
performance. 
The solution : A transistorized, portable, high-per- 
formance amplifier that utilizes a differential input to 
obtain a common-mode rejection of 25,000 to 1. Be- 
cause of its small size and low power drain it may be 
mounted directly on an ambulatory subject. 
How it's done: Transistors Q1 and Q2 are emitter 
followers and provide the necessary high input imped- 
ance of about 10 megohms differential. The differen- 
tial output of the emitter followers is converted to a 
single-ended signal by a difference amplifier consisting 
of 4 3 ,  4 4 ,  and Q5. Transistor Q 5  provides the differ- 
ence amplifier with the high emitter impedance neces- 
sary for high common-mode rejection. The signal is 
fed sequentially through an emitter follower 46, a 
second difference amplifier 4 7  and Q8, a common 
emitter amplifier Q9, and a final emitter follower QIO. 
Capacitance coupling in these stages is minimized to 
prwide good low frequency response from 0.15 cps. 
The amplifier exhibits a gain of 1,OOO while drawing 
5 milliwatts of power. 
Notes: 
1.  This amplifier has been constructed in a weld- 
connected cordwood configuration with dimen- 
sions of 2.0 cm by 1.7 cm by 0.9 cm and weighing 
4.5 grams. 
2. This device should find application in the bio- 
medical field for amplifying electrocardiogram and 
electromyogram signals. 
(continued overlean 
This document was prepared under the sponsorship of the National 
Aeronautics and Space Administration. Neither the llnitcd States Govern- 
ment, nor NASA, nor any person acting o n  behalf of NASA: A. Makes 
any warranty or representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of  the information contained in 
this document, or that the use o f  any information, apparatus, method, 
or process disclosed in this document may not infringe privately-owned 
rights; or 8. Assums any liabilities with respect to the use of, or for 
damages resulting from the use of,  any information, apparatus, method, 
or process disclosed in this document. 
~ 3.  Inquiries concerning this innovation may be di- 
rected to: 
Patent status: NASA encourages commercial use 
of this innovation. N o  patent action is contemplated. 
Technology Utilization Officer 
Ames Research Center 
Moffett Field, California, 94035 
Reference: B65- 10203 
Source: Thomas B. Fryer and 
Gordon J .  Deboo 
(A RC-4 1 ) 
Brief 65- 10203 Category No. 01 
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